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On the basis of a seesaw-type mass matrix model for quarks and 
leptons, Mj ~ m^M^ m^, where oc m^j are universal for f — u,d,u 
and e (up-quark-, down-quark-, neutrino- and charged lepton-sectors), 
and Mp is given by Mp = K(l + SbjX) (1 is a 3 x 3 unit matrix, 
X is a democratic-type matrix and bf is a complex parameter which 
depends on /, neutrino mass spectrum and mixings are discussed. The 
model can provide an explanation why m t 3> m&, while m u ~ by 
taking h u = —1/3, at which the detarminant of Mp becomes zero. At 
b u = —1/2, the model can provide a large v^-Vt mixing, sin 2 2^23 — 1, 
with m v \ <C m U 2 — m^, which is favorable to the atmospheric and 
solar neutrino data. 
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Democracy of Families 
and Neutrino Mass Matrix 



Yoshio Koide (University of Shizuoka) 



1. Basic standpoint 

Considering the rapid increasing of the mass spectrum of quarks and leptons 
as seen in Fig. 1, usually the horizontal degree of freedom is called "generations". 
The term "generations" suggests that there are hierarchical differences among those 
generations. However, here, I would like to use a term "families" for the horizontal 
degree of freedom. 



My standpoint is as follows: All families take equivalent positions among 
them, i.e., there is no family with a special position in the original state. This 
does not always mean that the families should, for example, described by SU(3) 
symmetry. 

For example, if it is possible, I would like to describe these mass matrices 
only in terms of "unit matrix and democratic-type matrix [1], i.e., 



Fig.l Quark and lepton mass spectrum. 
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Unfortunately, the real mass spectrum (Fig. 1) seems to be more complicated to 
describe in terms of (1.1) only. 

2. A unified quark and lepton mass matrix model 

Before discussing my neutrino mass matrix, I would like to give a short 
review of a unified quark and lepton mass matrix model. 

We consider vector-like heavy fermions Fj in addition to quarks and leptons 
fi (fi = Ui, di, e u Vi\ i = 1, 2, 3). These fermions belong to F L = (1, 1), F R = (1, 1), 
Jl = (2, 1), and f R = (1,2) of SU(2) L xSU(2) R , respectively. We assume the mass 
matrix form [2] for (/, F) 



where we assume that the chiral symmetry breaking terms m L oc m R have a uni- 
versal structure for quarks and leptons and the heavy fermion mass term Mp has a 
structure of (unit matrix) + (a rank-one matrix) and Mp includes only one complex 
parameter which depends on quarks or leptons, and up- or down-, as we state later. 
As well-known, the 6x6 mass matrix (2.1) leads to the so-called seesaw form 



for Tr Mp ^> Trm^, Trmp- 

For the origin of the mass matrices m L and m R , I would like to consider 
a U(3)-family nonet Higgs potential scenario, which leads to an excellent charged 
lepton mass relation [3] 



However, such a multi-Higgs model, in general, induces flavor-changing neutral 
currents. The phenomenological study of the constraints on the Higgs boson masses 
has been given in Ref. [4] in the collaboration with Tanimoto: we have estimated 
that m H ~ a several TeV from Am(K s -K L ) , • • •, and rare decays K L — ► e ± + fi T , 

However, since I have no sufficient time to review the scenario, I would like 
to skip the review from the present talk. Hereafter, apart from this scenario, we 
assume simply 




(2.1) 



M f ~ mLM/mR , 





(2.3) 
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The most exciting feature of the present quark mass matrix is as follows: 
the model can naturally understand that why m t ^> m^,, while m u ~ m^, without 
introducing such a parameter as it takes a large value in up-quark sector compared 
with that in down-quark sector. 

The basic idea is as follows: we assume the following form [5] of M F , 

M F oc F = 1 + , (2.5) 

then the inverse matrix of F is given by 

Op 1 = 1 + 3a f e ia fX , (2.6) 

with 

a f e ia f = - f n7 . (2.7) 

Why m t ^> mj, can be understood by taking 6 U = —1/3 = 0) because 
b u — > —1/3 provides |a M | — > oo, so that top-quark mass enhancement is caused 
(note that the seesaw form (2.2) is not valid any longer in the limit of b u — > —1/3). 
Why m u ~ irid is understood from the fact that democratic mass matrix makes 
only the third family heavy, i.e., the effects of \a u \ — > oo affects only to m t . 



Fig. 2 Mass spectrum versus a parameter bfi solid and broken 
lines denote the cases of f3f — and Pf — —20°, respectively. 



The behavior of the mass spectrum versus bfe tf3f is given in Fig. 2, where 
parameters k and Kf are defined by 
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Note that from the phenomenological point of view, it is not essential that 
Op =[(unit matrix) + (democratic-type matrix)]. Instead of (2.9), we may take 
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(2.10) 



However, then, we must take the matrix Z as the non-diagonal form 



Z = I 

6 



/ 3(z 2 + Zi) -y/3(z 2 - Zi) -y/6(z 2 - Zi) 

-VS(z 2 -Zi) 4z 3 + z 2 + zi -V2(2z 3 - z 2 - zi) 
\ -VQ{z 2 - zi) -^/2(2z 3 - z 2 - zi) 2(z 3 + z 2 + zi) 



(2.11) 



One may consider that the matrix forms (2.10) and (2.11) are favorable to model- 
building. However, I believe that the forms (2.9) are more promising. 

Taking (b u = -1/3, (3 U = 0) and (b d = -1.0, (3 d = -18°) , but keeping 
K u = K d , we can provide not only reasonable quark mass ratios m u /m c , m c /m t , 
m d /m s and m s /mi>, but also m M /m^, m c /m s and m t /mb, and, moreover, we can 
provide reasonable values of Kobayashi-Maskawa (KM) matrix parameters. For 
the details, please see a preprint Ref. [6] in the collaboration with Fusaoka. 
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3. Neutrino mass matrix with large v^-v T mixing 

So far, we have assumed the following mass terms: 



z, i = (2,l,3)p- 1 
N R = (1,1,3) Y R = 



i/ fl = (l,2,3)$=- 1 

I m R 
N L = (1,1,3)1=° 



(3.1) 



Now, in order to understand why to,, <C m^,m q , we must introduce a large Majo- 
rana mass term Mm (^ Md) (hereafter, we denote the Dirac mass term Mp for 
F = N as Mb in contrast to the Majorana mass matrix Mm)- 

Table I. Comparison between Model I and Model II 
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Model II 



L-R Symmetric 



N L and N R acquire M M 



L-R Asymmetric 
u R acquires M M 



M 



\rn L 





\m R 

\m R M M M D 

Ml M M J 



1 T 
2 m L 



( 



M 










M M 
i 



\ m R 



r 



m R 



V \m L 



M 



D 



M D 




M VL ~ (ffm L M M l m T L 



Assume M M = j^M D 



M VL ~ 



xto£(M£)"* 



m 



Assume M M = m i^ M l 



I would like to propose two models: Model I, in which the vector-like heavy 
fermions Nl and N R acquire large Majorana masses Mm, respectively; Model II, 
in which the right-handed neutrinos v R acquire large Majorana masses Mm- In 
the model I, the chiral SU(2)^j symmetry is broken by m R , while, in the model 



II, it is broken by Mm with an extremely large energy scale. The characteristics 
of the models are listed in Table I. The predicted values of the neutrino mixings 
are identical in the models I and II, although the predicted values of neutrino 
mass ratios are different from each other. Note that in the model I, the light 
"right-handed" Majorana neutrinos u' Ri , which are originated from u Ri , appear 



with masses Tn{u' Rj ) ~ k 2 m{vm 



1,2,3) (we suppose k > 10). 



We show the typical cases of b u (for simplicity, we consider the case f3 v = 0) 
for the model I. 
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where m = \Z~3m t at /i = A w = 175 GeV. 
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[Case b v = -1/2] 
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[Case 6„ = —1] 
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The ^-dependency of the mass spectrum of the light neutrinos, {yn v \,m v i, ttl u3 ), 
is similar to that in Fig. 2. The 6„-dependency of the neutrino mixing matrix is 
given in Fig. 3. 



Fig. 3 Uij versus b v . 

Recent atmospheric neutrino data from the Kamiokande [7] have suggested 
that the v^-vx mixing (X = e or r) is caused maximally, i.e., sin 2 29 ~ 1, with 
Am 2 ~ 1CT 2 eV. On the other hand, solar neutrino data [8] have suggested that 
sin 2 29 ~ 7 x 10 -3 and Am 2 ~ 6 x 10 _6 eV 2 . We consider that the atmospheric 
neutrino data show v tr v T mixing, while the solar neutrino data show v e -v^ mixing, 
so that we interests in the case of b v ~ —1/2, which provides sin 2 2# 2 3 ~ 1 with 
m vl < m v2 ^ m u3 . 

Although, by taking b u ~ —1/2, we can get sin 2 29 efi ~ 7 x 10~ 3 and 
sin 2 26> Mr ~ 1, in the model I, we cannot explain the experimental fact Am^/Am 2 ^ ~ 
10 3 , because m V 2 and m^ 3 are highly degenerated at b v ~ —1/2 (at most, Amf^/Am^ ~ 
10 2 at b v ~ —0.4). The situation cannot improved even if we consider f3 v 7^ 0. 

In the model II, if we take, for example, b u = —0.41, we can get the pre- 
dictions sin 2 2# 12 = 6.8 x 10~ 3 , Am^ e6x 10~ 6 eV 2 , sin 2 2^3 = 0.58, Am| 2 = 
0.99 x 10- 2 eV 2 , m vl = 2.4 x 10" 8 eV, m v2 = 2.5 x 10~ 3 eV, m vZ = 0.10 eV, where 
Am 2 ! = 6 x 10~ 6 eV 2 has been taken as an input value in order to fix the free param- 
eter K M - Similarly, the case of b v = —0.5 with f3 u ~ 10° can give a simultaneous 
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explanation of the atmospheric and solar neutrino data. 

Also note that the case b u = —0.5 with f3 v = can give a rough explanation 
of the atmospheric and LSND neutrino data (the LSND data [9] have suggested 
that sin 2 2^12 ~ 3 x 1CT 3 and Am^ ~ 6 eV 2 ), because the case predicts that 
sin 2 26 12 = 7.7 x 1(T 3 , Am 2 21 = 1.7 eV 2 , sin 2 26 23 = 0.99 x 10" 2 , Am 2 2 = 1.6 x 10~ 2 
eV, m v \ = 1.7 x 10 -4 eV, m v2 = 1-3 eV, m u3 = 1.3 eV. If this picture is correct, 
the mass matrix in the lepton sector must rigorously real, because the case /3„ ^ 
makes the mass degeneration between v 2 and z/ 3 mild. 

4. Summary 

As an extension of a unified quark and lepton mass matrix (2.8) with (2.9), 
neutrino masses and their mixings have investigated. When we take b e = 0, rea- 
sonable values of up- and down-quark mass ratios and KM matrix parameters are 
obtained by taking (b u = —1/3, (3 U = 0) and (bd = —1, (3d — 18°), and with 
keeping K u = K d . 

For neutrino mass matrix, we have proposed two models: In Model I, Nl 
and Nr acquire large Majorana masses Mm (oc Mn), so that SXJ(3)f arn uy is badly 
broken by the energy scale of Mm] In Model II, vr acquire large Majorana masses 
Mm oc 1, so that SU(2)# is badly broken by the energy scale of Mm- In the both 
models, especially, the case b v ~ —1/2 is interesting, because the case provides 
a maximal mixing sin 2 2^23 — 1 together with m u2 ~ m v3 . Phenomeno logically, 
Model II is favorable to the atmospheric and solar neutrino data. 

In the present stage, why nature choose b v ~ —1/2, b e = 0, b u = —1/3 and 
bd — — 1 is an open question. The phenomenological success of the present unified 
mass matrix form (2.8) with (2.9) should be taken seriously, and a more plausible 
model-building must be investigated urgently. 
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